INTRODUCTION {#s1}
============

Posture alignment is of great importance for the maintenance of human health, where a healthy individual has maintained inherent equilibrium of the sagittal spinal curvatures[@r1],[@r2],[@r3]^)^. As global posture and sagittal balance deteriorates, there are normal compensations that take place[@r4], [@r5]^)^. In thoracic hyperkyphosis, for example, it is typical for the thoracic cage to shift or translate backwards such that upright sagittal balance is maintained[@r6]^)^.

Thoracic hyperkyphosis is associated with many poor health outcomes such as pain[@r7]^)^, altered gait[@r8]^)^, compression fractures in the elderly[@r9], [@r10]^)^, impaired mobility[@r9], [@r10]^)^, as well as reduced quality of life[@r11], [@r12]^)^ and life expectancy[@r13],[@r14],[@r15],[@r16],[@r17],[@r18]^)^.

Recently, there have been two cases documenting the correction of posterior thoracic translation posture with simultaneous hyperkyphosis reduction[@r19], [@r20]^)^. Jaeger et al.[@r19]^)^, reported on the relief of back pains in a 24-year-old female who achieved a 23° reduction in the thoracic curve after 48 CBP treatments over 6.5 months. Miller et al.[@r20]^)^, reported on the dramatic pain relief and health improvements in a 15-year-old who attained a 17° reduction in thoracic hyperkyphosis after 94 treatments over 13-months.

Both of these cases featured Chiropractic BioPhysics^®^ (CBP^®^) corrective rehabilitation utilizing mirror image^®^ exercise and traction procedures[@r21],[@r22],[@r23]^)^. CBP technique was invented by Donald D. Harrison, PhD, DC, MSE, in 1980. He was the first to apply the standard orthogonal (Cartesian) coordinate system as presented by Panjabi et al.[@r24]^)^ to human posture[@r25]^)^. In doing so, he had discovered that virtually half of all human movement had not yet been studied[@r25]^)^; further, in applying the concept of rotations about, and translations along the coordinate axes for the head, thorax, and pelvis separately, it became evident to Dr. Harrison to devise treatments in the 'mirror image^®^' or opposite of these postures in order to correct them and the corresponding spinal coupling patterns[@r21],[@r22],[@r23]^)^. In CBP methods, a 'multimodal' approach typically involves the prescription of mirror image exercises and traction, as well as spinal manipulation.

This case presents the successful relief of bodily pains and improvements in overall health in a 27-year-old female after the dramatic improvement in her 'slouchy' posture by the multimodal CBP rehabilitation program featuring the mirror image concept. This case is unique as it appears to be just the third published case documenting the reduction of hyperkyphosis by CBP methods.

SUBJECT AND METHODS {#s2}
===================

On October 3, 2016 a 27-year-old female, and mother of 3, presented with a chief complaint of constant low back pain (LBP) reported to be an average of 5/10 (0=no pain; 10=worse pain ever) and abnormal gait. Upon consultation, the patient also reported right lower extremity dysfunction, right hip pain, right first toe pain (L5 Dermatome), coldness and cramping in the feet, mid back pain (6/ 10), constant upper back pain (6/10), neck pain (7/10), daily headaches, migraines (1X/month), numbness and tingling in the arms bilaterally with the left worse than the right, cold hands, vertigo that made her unable to walk straight, as well as vision disturbances caused by standing.

The patient's health history indicated they had experienced a previous whiplash episode, a violent physical assault, as well as prior surgery on her right knee to 'trim a meniscus.' Muscle testing revealed weak shoulder abduction (4/5) bilaterally with reported pain, as well as weak hip flexion (4/5) bilaterally with reported pain.

Dermatome testing revealed perceived dullness with pinwheel testing to C2 bilaterally, L4 on left, and S1 on the right. Deep tendon reflexes were within normal limits (WNL). All cervical and lumbar range of motion (ROM) were limited with all movements causing pain.

The following orthopedic tests were positive: Jacksons, maximum compression, foraminal compression, shoulder depression caused radiation of pain bilaterally, straight leg raiser bilaterally, Patrick Faberes test bilaterally, Yoemans test bilaterally, and Hibbs bilaterally.

The patient scored a 44% on the Oswestry low back pain disability questionnaire[@r26]^)^ (OQ) and a 30% on the neck disability index[@r27]^)^ (NDI). The patient scored below normal on 5/8 health domains as demonstrated on the SF-36 questionnaire[@r28]^)^ (SF-36; [Table 1](#tbl_001){ref-type="table"}Table 1.SF-36. Scores out of 100HealthPhyscialRole-Role-SocialMentalBodilyEnergy/PerceptionFunctioningPhysicalEmotionalFunctioningHealthPainFatigueNorm728481818375756110/10/2016774075100758448704/5/20179285100100100887880Change15452502543010).

In terms of Harrison's postural analysis of rotations and translations of the head, thorax, and pelvis[@r25]^)^, the patient had very pronounced postural hunching with a forward head translation (+TzH), a posteriorly translated thorax (−TzT), a forward translated pelvis (+TzP), a pronounced thoracic hyperkyphosis (+RzT), and a left lateral thoracic translation (+TxT).

Radiographic analysis using reliable and repeatable methods[@r29],[@r30],[@r31]^)^ utilized in PostureRay (Trinity, FL, USA), indicated the patient had a short left leg (5.4 mm), a lower sacral base on the left (28.2 mm), and a left thoracic translation posture[@r32]^)^ (12.4mm) ([Fig. 1](#fig_001){ref-type="fig"}Fig. 1.Antero-posterior lumbar spine radiographsLeft: Initial taken Oct. 3, 2016; Right: Follow-up taken Mar. 23, 2017. Patient has visible short left leg that was reduced with the prescription of a 10 mm heel lift. Notice the simultaneous improvement of the verticality of the spine (1.3 mm to the left of midline vs. 12.4 mm to the right).). The patient also had a prominent hunched posture with a posteriorly translated torso[@r6]^)^ (−51.4mm; normal=0mm), and a thoracic hyperkyphosis (T2--T12=67°; normal=44.3°[@r33]^)^) ([Fig. 2](#fig_002){ref-type="fig"}Fig. 2.Lateral full-spine radiographsLeft: Initial taken Oct. 3, 2016; Right: Follow-up taken Mar. 23, 2017. Patient's initial significant posterior thoracic translation posture was improved (Horizontal distance from T12 to vertical line from posteroinferior of S1=−3.7 mm vs. −51.4 mm; normal=0 mm) as was the thoracic hyperkyphosis reduced (T2--T12=55.4° vs. 67°; normal=44.3°[@r32]^)^).).

Treatment goals were to improve the patient's posture using the CBP multimodal rehabilitation approach[@r21],[@r22],[@r23]^)^. CBP incorporates the mirror image concept, i.e. the reflections of postural body segment translations and rotations[@r21]^)^, ultimately to re-align the spine and posture through the application of therapeutics such as exercises and traction. The recommended treatment frequency and duration was three times a week for a total of 30 treatments.

Initially, a 10 mm lift was applied inside the left shoe to account for the shorter left leg and lower pelvis ([Fig. 1](#tbl_001){ref-type="table"}). Mirror image corrective exercises consisted of posterior head retraction repetitions with simultaneous posterior pelvic translations having a 50 mm block in the mid back to push against while standing on a PowerPlate^®^ (Northbrook, IL, USA) ([Fig. 3](#fig_003){ref-type="fig"}Fig. 3.Left: Mirror image exercises (The patient simultaneously translates the head and pelvis posteriorly while the mid back is isolated in position by use of the block); Right: Mirror image traction (The patients posterior thoracic translation poster is corrected as they lay supine on the bench, while the thoracic kyphosis is being forced into a much more extended position by use of the anterior pulling strap).). The PowerPlate is a three-dimensional vibration platform that adds intensity to any exercise[@r34]^)^. Other exercises included one-legged left leg stands on a 50 mm block and pain free ROM exercises, both on the PowerPlate in order to force a mirror image of the AP lumbo-pelvic posture. Each round of exercise was 3 minutes and 15 seconds totaling 9 minutes 45 seconds.

Mirror image drop-table postural adjustments were done while posteriorly translating her head and pelvis while simultaneously anteriorly translating her thorax. Spinal manipulative therapy was also provided sporadically to the thoracic and lumbar spine. Muscle work was performed on the psoas muscles by laying her on her side and compressing the psoas belly between the iliac crest and her rib cage, with pressure on the muscle belly, the patient was asked to flex the hip, then extend the knee, finally extending the hip. This was done four times per side each visit.

Spinal traction was done in a supine UTS unit (Universal Tractioning Systems, LLC., Las Vegas, NV, USA). While laying supine, with hips and knees bent, the thorax was anteriorly translated (+TzT) with a pulling strap located at T9 ([Fig. 3](#fig_003){ref-type="fig"}). Time was initially started at 5 minutes then worked up to 12--15 minutes of sustained pull. Cryotherapy was applied to the back following traction for 10 minutes to prevent treatment soreness.

The patient was instructed to do the same exercises at home that were done at the clinic. The patient also attempted to mimic the clinic traction by laying supine on a 10 cm yoga block placed at T9 starting at 3 minutes then working up to 15 minutes daily. Also because of the pelvic deformity the patient was instructed to fold a towel approximately 2.5 cm and put under her left ischial tuberosity while she was driving or sitting for long periods of time as this is a permanent structural deformity ([Fig. 1](#fig_001){ref-type="fig"}). The patient consented to the publication of these results and informed consent was obtained.

RESULTS {#s3}
=======

Upon re-assessment (Apr. 5, 2017) the patient reported a 100% improvement in Upper back pain and vertigo, an 80% improvement in middle and lower back pain, a 70% improvement in the right leg disuse, a 60% improvement in right hip pain, a 50% improvement in headaches, a 40% improvement in the numbness and tingling in the arms, a 20% improvement in both neck pain and the numbness in the right first toe. On average, the patient now rated the LBP a 2/10, and neck pain a 4/10, and scored an 8% on both the NDI and OQ. There were improvements in 7/8 health indices on the SF-36 ([Table 1](#fig_001){ref-type="fig"}).

All orthopedic tests were now negative except the S1 dermatome was still hyposensitive, right hip flexion strength was 4/5 without pain, maximum compression on the right was positive, Yoeman's was + bilaterally, the lumbar spine was restricted in lateral flexion, and the cervical spine was restricted in all ROM without pain. The patient was thrilled with her improvements.

Upon radiographic re-assessment, the initial leg length inequality was reduced with the prescription of a 10 mm heel lift to the left shoe ([Fig. 1](#fig_001){ref-type="fig"}). The initial left lateral shift of the spine was also reduced from 12.4 mm to 1.3 mm ([Fig. 1](#fig_001){ref-type="fig"}). The large posterior thoracic translation posture was corrected as measured as the horizontal distance from T12 to a vertical line from the postero-inferior of S1 from −51.4 mm to −3.7 mm (normal=0 mm), and the thoracic hyperkyphosis was also reduced as measured from T2--T12 from 67° to 55.4° (normal=44.3°[@r33]^)^) ([Fig. 2](#fig_002){ref-type="fig"}).

DISCUSSION {#s4}
==========

This case illustrates the dramatic correction in overall posture in an initially poorly postured patient suffering from pains, headaches, and many other bodily symptoms that were affecting many aspects of her daily life. The results were attained over a 6-month time period with 30 in-office treatments as well as simultaneous home care.

This case is consistent with two other CBP case reports[@r19], [@r20]^)^ showing that the reduction in posterior thoracic translation and hyperkyphosis corresponds with the improvement in patient pain levels and other health measures. In all three of these cases (including this one), thoracic mirror image exercises and traction were used to remodel the spinal structures into a more natural, ideal kyphotic alignment[@r33]^)^. The uniqueness of these cases lies in the application of therapeutic measures in a mirror image approach.

Since posterior thoracic translation causes simultaneous thoracic hyperkyphosis[@r6]^)^, it becomes evident that the 'mirror image' or opposite movement would reverse, or produce thoracic hypokyphosis, which it has been shown to do[@r6]^)^. Although thoracic (back) extension exercises have been shown to reduce thoracic hyperkyphosis[@r35],[@r36],[@r37],[@r38],[@r39]^)^, the addition of extension traction should theoretically result in better outcomes (i.e. quicker and/or larger magnitude correction). This has yet to be studied.

Thoracic hyperkyphosis is a serious postural deformity as it is associated with serious pathology such as vertebral compression fractures[@r9], [@r10]^)^ and the ultimate health outcome, mortality[@r13],[@r14],[@r15],[@r16],[@r17],[@r18]^)^. Since hyperkyphosis is a progressive type of deformity[@r40], [@r41]^)^, treatment should be offered at its first diagnosis, even in the absence of symptomatology.

This case and others demonstrates that postural thoracic hyperkyphosis deformity is correctable with the posture- specific CBP multimodal rehabilitation program. This case is also consistent with the recent manual therapy trend that postural deformity is routinely correctable through posture-specific rehabilitation programs such as for the cervical lordosis[@r42],[@r43],[@r44]^)^, lumbar lordosis[@r45],[@r46],[@r47]^)^ or with scoliosis[@r48], [@r49]^)^. These patient- and posture-specific rehabilitation programs are superior to non-specific, generalized programs of care[@r42],[@r43],[@r44],[@r45],[@r46],[@r47],[@r48],[@r49]^)^.

The limitation to the current case is that it is just a single case. We acknowledge there is only an accumulating evidence base, and therefore a need for a case series and then a clinical trial for the CBP mirror image approach for the reduction of thoracic hyperkyphosis.
